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MACHINE ADAPTATION-: 

* 

• i 

This invention* relates to the • transmission .of power 
and/or data within a machine e.g, a ni^ck^na! /tool, and 
relates particularly, but not exclusively, ,tp apparatus 
for the supply; of power to and data conqminic^tion with 
an electrical accessory e.g, a measu^enyert^ 'probe 

mounted on the machine spindle- . ' . ( 

* , • 

When an electrical accessory like aJm^aJsi^ement probe 
is located in a machine tool spindle, normally used for 
cutters, it becomes difficult- to supply ttieit ' accessory 
with power and to provide a signal palih *'to ,and/or from 
that accessory. Batteries have & Ifmit'ed 'life, 
particularly when wireless transmission of large 
amounts of probing data to a demote' r^ei^s* 'takes 
place,* Also it is undesirable .-to* have a'xtra power 
supply or data transmission p^rta fit/tec} .around the 
machine's spindle because these parts c^n iri£erfere 
with cutters subsequently locate^ in ;-feh^ ^pindlo, <^ 
these parts may collide with a wnrkpiecs or automatic 
cutter change^ mechanism • * ' t • ; 

' r 

; ; • 1 . • * ■ 

One example of a machine which includes' parts fitted 
around the spindle for supplying pow^r [tq 'ind signal 
transmission from the machine, is' shown in US* Patent No. 
4,339, 714. Other similar devices $.re shown in US 
Patent Nos. 5„791,836 and ' 4, 536, 661 - v j ■ 

An arrangement for providing a signal -,path 'within a 
machine tool is disclosed in US 5-109223.* jTh^ disclosure 
shows a machirie tool body having a * signal path to a 
rotatable spindle in the form of, a * f irst: ^inductive 
link. Also 3hown is a second inductive link between the 
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i 1 * 

Furthermore the links will not transmit 'enough power i£ 



spindle and a measurement probe across* cthle widest 
portion tapered shank (5). A probe . is .mounted to the 
shank:. • • ' ; ' ! <"!(• 



The arrangement of the second link -in that .patent ia 

not suited to modern machine tools [bec^u^ the vide 1 V. IjX 

area at the" base of the taper, is highly! a'tressed when / 

cutters are being used, due to e.g. high «cutter sxde . » ;-,y 
loading and high spindle speeds/ The poBiti,orj of this . 

second link means that it is likely td W'kndoked by .''-J/^'i 

cutter shanks being inserted and removed from the shank. . . ^ K - 

holder* Thus it would be diff icult ;fd.r k machine tool . 

manufacturer to successfully adapt .his .e^&sting machine \*C$r 
design to incorporate the arrangement ' illustrated. 

15 Likewise a new design would require atddit'ional ',. . ^.jjj; 

strengthening to compensate for ,the' w.ea;kri;es$, s created >by ■/':,.■>. . : 
. the second inductive link illustrated; '• J . . » 



20 they are too small. So it seems thdt.it- ia ft necessity . ;\;v y «' 

. . » i 



I 



I , i » I ' 

to position the second link at the ( larger, end of the 
tapered shank in order to maximise its [size- ''Moreover, 
use on small tool shanks (30mm diameter or sa y> 



would not be a practical proposition because .the link 
25 at the shank' would be far too ' small ' to 'transmit enough 
power* * » 

For an inductive link to function effectively the 
• ferrite elements mentioned in US. 5109233 ^should not be 
30 separated by magnetisable material , (e.- 9-.' .'the metal 

surface of the shank) consequently an .interruption in 
the surface of the shank would have to be made at the 
link on the shank for effective Operation, $uch an 
interruption would have to be sealed. Sealing Of 



*• « \j « 
* • 
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non-metallic parts to metallic* parts ,iis' verjy difficult ' ,*.y{ 
in the machine tool operating" enyirorariejifc, -ait '-the 



stressed position indicated in' Figure, 1 .of OS Patent 
No. 5,109,223. 



The arrangement of Fig. 1 in that document requires 
relative orientation between the tool; shajnk; and the -'V'V.Jt 
spindle. Such orientation is not ' always '.p'osaible on 
machine tools , . The arrangement of Fig 2; requires an 
10 annular recess in the shank at the aforementioned 



• i - SO: 

> A 

highly stressed location- \ ' ; i. \ , /./.5*/ 



The transmission of power to %he protje <i^s not 

contemplated in US 5109223* , . § I < V" 'V' 

15 • * * * i ; ; ;' . v 

Embodiments shown ?in International Patent i^piication . 
No. PCT/GB2003/001677 address the; above problems but do 
not show all the following, • • ' \ [ % ' ' . . ■ . '-• ■. , V 



• •* v 



According to a first aspect of 1 the 'present iriyention " 
there is provided a machine tool s coihprirising: 'a 
stationary part and a spindle, the spirvdle having a I 
shank receiving area for releasabl^ a[codpting s the shank 
of a cutter or other machine tbc*l accessory/ \and 
25 comprising a first electrical, link between 'the 

stationary part and the spindle;. ,a portion of a second ' £ 

electrical link at the shank recfe.iving ;area'in 
electrical connection with the fo,rst link f or providing 
in use a disconnectable electrical . link between the 
30 spindle and the shank, wherein the ; port±qn of the 

second link is in the form of' a plurality Of * electrical ' . 
contacts; and, a circuit for determining :in. use which '.. \ { 

of the said plurality of electrical, contacts, is ■ 
connected to which of a plurality of complementary 

• 5 v 



• Li. 



' 1 *\ 1 
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4 

contacts formed at the shank/ '■ ' ! • 

In this description an electrical poritfafotj is' any part 
which provides physical conduct iV-e 1 contact .and thus 
produces a conductive path -across a , l^in'fc X qr 
electricity. The first link is describe^ as 'the first 
element in the description and the K AecqjSd 'lank is • 
described as- the third element- . }. 

According to a second aspect of the invention there is 
provided a machine tool shank- foj: re LeapabVy 'mounting a 
machine tool cutter or other machine tool. 'accessory to 
the spindle of a machine tool' comprising -a : pc?rtion of 
an electrical link in the form of a plurality • of 
15 electrical contacts arranged such' that 'ea,ch'is 

connectable to any one T of a plurality * of 'camjolementary 
^contacts at a shank receiving area, of the, spindle. 



According to a third aspect o£ the ; invention there is 
provided a machine tooO. comprising 'a stationary part, a 
spindle having a shank receiving are3 P •£ 'shank 
releasably acceptable to the shank .receiving area in 
any orientation or a plurality of orientations, 
relative to the spindle, and a, machine li.ool accessory 
25 attached to the shank, and coijip rising ,f first 

electrical link between the stationary .part ,and the 
spindle and a second electrical link 'atT tl>a shank 
receiving area being in electrical communication with 
the first link for providing in Use' a diacomnectable 
electrical link between the spindle the ,shank for 
providing power or a signal for the aQdessqry, wherein 
the second link ±3 formed as two portiqns, one portion 
being mounted to the spindle the other pd^tian being 
mounted to the shank, wherein each , portion ;hA? a 
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plurality of complementary contacts f ax? seilectrical 
communication between the. tv*o portions . and A circuit 
for determining which of the plurality electrical 
contacts of the one portion is connected ;to Which of 
the plurality of electrical contacts of the other 
portion. s • : € ; ) 



Preferably the links mentioned: above are ^u£ed to supply 
power to the accessory. Preferably : the .lilnks 'are -used 
to transmit signals to and/or f rdm the *4ocessory. 



t Hu 

s 

. > ? 



The invention extends also .to" -a me£sipretaei!itj probe 
adapted for use with the machine- 1 tool or «sh^Ak V.'*v^ 
10 mentioned above. * , 



The invention will now be described, w^th reference to 

• * > i * * » 

the drawings, wherein; . \ 

Fig 1 shows a typical arrangement qf a machine 
tool epindle adapted for the supply of paper 'to, and ■ 
20 data transmission both to and^ from- an alcqessory mounted 
thereon; ' . ' . • • 

Pigs 2-1! show various embodiments;, 'df apparatus 
for supplying power to the spind^le^ and tot 
transmitting data to or receiving data from the 
25 spindle; * , , ' . * ^■•"r! 

Figs 12 and 13 show apparatus , fd* ^carryi.ng power \ ■ -''"l 

and signals along a spindle; ' t . % ' ! v7«M 

Fig 14 shows apparatus for feupply^ng power and 
receiving/transmitting data f ront a spindle [to an 
30 accessory mounted in the spindle; • ; r % / 

Fig 15 shows part of the 1 'apparatus :show^. in Fig 14 
and a circuit for determining the orientation- of a 
shank in a spindle; , ' 

Fig 16 shows part of the] apparatus 4 hown ^ in Fi 9 14 ' 



, r 1 

* f . 
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and a circuit for inclusion in ah accessory .which uses 
power and signal ; , 

"pig 17a* shows another embo dement of! ^apparatus fa* 
supplying, power-, and rece±ving/±ransm4rtt}ing ;data from a 
spindle to an accessory; ; I , 

Fig 17b shows a partial plah yiew p£ the apparatus 
shown in, Fig 17a; and 

Fig 18 shows apparatus for Supplying, power or 
receiving/transmitting data f rom a .spiryilfe -to an 



-••wtx 



10 accessory mounted at the spindle 1 , • 1 . ' ' , , " 



Referring to Fig 1, part of a : machine i .troop. '2<3'0 is shown 
having a spindle 210* driven .directly 'by jiig tor 220. A 
cavity or shank receiving area in, the £prm a tapered 
IS housing 230 in the^ spindle Zip is used ta hold a cutter 
or, as in this illustration, a' measurement psabe 100 . 
Modern machine' tools have automatic cutter Changers - 
Other accessories can be used also, in place of a ',./«•' 
cutter. All will be mounted on a! standard tool shank 
360. Most standard tool shanks, are of 't^pfere^ (frustum) . \ % 
configuration. With this invention (a carousel of \^.-. 
cutters together with one or morb dcces'sories will, be 
used and selection of the correct: cut[teif/;accessory will v ( ^,< 
be made by a program. When a measurement operation is ;.\">!J 
to be performed then an accessory in -the 'fdrrii of. a 
measurement probe will be selected from the carousel 
and automatically fitted into* thp spindle,/ .The machine 
can be moved into the desired, location .t^e 
workpiece can be measured, either by tranja National 
30 movement of the spindle or (if the >robe itself can ... t , 

move), by keeping the spindle stationary ahd . 
.manipulating the probe. ) • - ; 



I l' 



! 



. V. 



In order to provide power and a signa-I iRafth to the 
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measurement probe 100 or other accessqry on the machine 

' tool 200 via rotary components (in ■ this 1 case * a 

continuously rotatable spindle 210)'! three elements are 

required. The first element is fcn elec*tri.qal link 

5 between the stationary machine 2 DO and fib$ spindle 210 

for providing power and/or signal connections across a 

rotary interface , the second is a jpath along ;the 

k Spindle 210, and the third element is 'ai cfiscannectable 

electrical link from the spindle -t<S the. pzwhe 100 or 

10 other accessory at the shank receiving '^fc^a 230. 

i 

• * 1 9 

There are a number of positions at whic^i' ,thi3 first 

element (variants of which arfe described d!n detail 

• ■ 

below*) may be positioned, examples *of which- are shown < 
15 in Fig 1 as circled references' 1&, l^,lc 'ahd 'id. 

Position la has been illustrated* schematically in 

* i * i 

chain-dotted lines and provides a. rot;ary v .link giving a 
signal path &, power supply p'anpl -(in tThia .instance) a 
chassis return B- • * % * 

20 1 . 

* Reference lb shows another possible position .for the 
first element. In position lb it is ^Irkeily tfhat the 
link between the machine and its* spindly tyill be formed 
within the motor 220 and take the form of a stater and 

25 rotor coil as described below. « , , 

i * 

V I * » 1 

* t * 

References 1c and Id show other possible positions for 
the first element which may take, the fo,xm off «any of the 
links described below with the,* benefit of. 'Complete 
30 enclosure. % . ' 

• : ' ' ' * 

• ■ < \ ' 

Reference 2 indicates the second element i.,e. 'the power 
and : signal path along the spindlfe joi^ni^ng; 't5h$ first and 
' third elements* Alternative embodiments for this part 

* 1 IV 
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are described below. > »/ 

Reference 3 likewise indicates the'pqsition of the 
third element i.e. the link between the : spindle 210 and 
5 probe 100 or other accessory. Alternatives . ( for this 
part are described below also. « ' ; 



Figs 2-11 show various ways of providing ;jpower and 
signal links from the static toaofti&e '200 .to?* a rotating 
part/ in this case spindle 210'. > / • • 



10 



IS 



20 



25 



30 



Fig 2' shows a .slip ring arrangement , having two rings 
222 and two wipers 225, one supplying gaVex* .<?pmbined 
with a signal (P+S) and one formin$ : a oommon s return E. 
The power and signal supply, is intended to 'be 
transmitted via an« insulated path I a^lojyg, the spindle 
and the common return E is formed by : the remainder of 
the spindle. Three or more slip' rings could ^be used 
e.g. for separate power and signal 4 pathV,; • . 

• \ \ ' 1 

Pig 3 shows another machine to spindle 'link in the form 

• **' 
of an inductive rotary . transformer, « In "tills 'variant an 

alternating current is passed' through .static 

* i i * 

transformer windings 235 and is picked Upf -by j rotary 

' coil 230- One set of windings only \isc .used ;in this 

arrangement but more may be us£d' e.g. a p'a^r ,of sets. 

« ^ » , , 

In the present arrangement the power and 'signal P and S 
are combined in one alternating current Stent to 
accessory 100 via insulated spindle track' .'and 
returned via spindle path E. This rqta^y transformer 
is more robust when very -high., spindle t spe<5<4s are used 
e.g. 50 r 000 rpm f because the soils 'of ttie transformer 
will be pushed centripetally against side. walj.s 250 in 
use* Thes'e walls will support the ■ coals 'during 



■ .n i> % 
***** 



r . * ' A 



/> 
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Fig 4 shows another machine to spindly v liritc in the form 
of a single coil rotary transformed which has an 
5 axially spaced stator 245 and ;rotor '240-/' This 

arrangement operates in a similar manned -fed the rotary 
transformer shown in Fig 3. ' 

Fig 5 shows a machine to spindle 'inductive v link in the 
10 form of a multiple coil rotary transformer ^hairing 

rotary and stationary parts 252 and 2'53f respectively. 

In us<s a separate power and signal pa'tft oan l?e 

utilised, in which case two insulated} paths .IP and IS .. ;\/ ; u 

will be required on the .spindle. ( A common 'swindle V' £ 

IS return E is used here. , * , • 



* * » 



Fig 6 shows another machine tb spindle link this 
variant employs a rotary . transformed IjaVijnsj 3 • stator 
2$5 and a rotor 260 in combination with' :a* capacitance 
20 link which likewise has a stater part' 2;?5 % 'and a rotor- 
part 270. A signal S is passed via the ; capagitance 
link and power is supplied via the rotary, transformer, 
The spindle has two insulated: paths tS aprd l£'and a 



common return E. 1 , • 

25 * • . 1 . • * 



r #• 



Fig 7 shows a machine to spindle link whicH solely 

capacitive. A stator 290 is shown ! arid'a rotor 295, In 

it ' * * 

this example there is a power path P-.IP and a separate 

signal path S-IS as well as a common return The . 1 

30 power path will have to have a relatively, high \ \*. m * 

capacitance and so the surface area o;f tWe capacitive • . 

plates 280. should be larger in' copip^uis^K td .the area "V-/: 

of the signal path plates 285. * . 
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Fig 8 shows another capacitive machine <to spindle link. 
This variant has radially extending, plates 297/300 to 
provide more surface area than might, be achievable with 
the circumferentially extending plat<£$ illustrated in 
5 Figs 6 and 7. This example functions in tlie,same 
manner as the capacitive link shown in *,Fig 7 and 
described above, shown is a stator 297 ''and 'a- rotor 300. 

Fig 9 shows yet another machine to ( spindle 'link. In 
10 this example a rotary transformer 310' 'is' -used for powe? 
transmission, A signal path IS is provided by an 
optical fibre 315 in the spindle c6-7Qgera1:ing with an 
optical machine module (OMM) , The signal pa'tti in the 
spindle is via the optical fib-re 315 wtiich states in 
15 use, A small gap for light to cross t is ;pfres^nt between 

static OMM and rotary parts of the ; spindle 1 Thus a - 

* » , 1 i 

rotary link is formed for a signal. ,An optical 
transceiver in the spindle or' accessory ma,y be provided 



20 



for two-way communication along the v fibre* 315,. 



Figs 10 and 11 show examples of optical *'ftLbre ' to OMM 
links. Fig 10 shows a fibre 3 ^ 5 '■ w &idh *oari 'transmit 
and/ox receive data via a static >xis(l .emitter/sensor 
320. t Fig 11a shows a y-ghaped fibre '315 which can 
25 transmit and/or receive 1 data via* a 'ring: -of .static 

emitters /sensors 325 disposed circumferentially about 
the ends of the y-shaped fibre 315. .Fig * shows a 
fibre 315 merging into a disk 316 which; agai*},can 

transmit and/or receive- data via a 1 ring of .static 

' 1 < 1 

30 emitters/sensors 325. 1 , 1 

• ■ . t i * 

The electrical link shown in Fig *2 is, a contact link 

whereas the electrical links shown in frig's : 3-llb are 

1 i * • * * 

1 all non-contaot links- ■ '« v . 
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Figs 12 and 13 illustrate examples i.o£ ttae second 
element And show sections through s^iridd^' 2;i0, having a 
draw-bar bore 330. Each Figure shows 'tfcro insulated • x : $ 

paths IS and IP for signal andl pcrwer respectively , as 
well as a common return E forced by the* remainder of 
the spindle, Two wires are used- in 'ttfie.s.e* examples for 
dynamic balancing of the spindle.' \A |comb£ried . signal 
and power path might be used so one wirua, pnljf would 
then be xequirkd. A counterweight 'or aWyWe'tric 
section might be used to provide a '.balanced shaft if 
only one wire was present* Shown are; "t Wo /insulated 
wires but more than two wires 'taay be used. 
Alternatively or additionally' 1 one- or more, crptical 
fibres may form the required signal p^tjn. . optical 
15 fibres may be omitted entirely, so a jstxajighl* line > ^ >t% ^\ 

light path may be provided between 9 the 1 marine to 
spindle link and the electrical device*! 



C : v 1 



The electrical paths IS and IP may bei f ortaerd 'by any 
20 distinct conductive path e« g. - by\f lexijbl^ coi^ductive > : 
strips possibly in a groove or groove's,, or curled up . 
inside the central draw-bar bore: 330 / . The ^ower and 
signal paths may be formed by .an' insulakete draw-ba*/ a 
discrete strip of conductive plating f coined ]on the 
25 , spindle or draw-bar, or concentric 'insulated 'tubes ' \* t9 *\*ii 

within the spindle or within the; draw- blar % 



v. I 



J, 



Fig 14 shows an example of a third 'el^enfent lof.the V 4 ' 
invention i.e. the disconnect able link between the 

30 spindle and the electrical' device. . * s 

• * ' * •« V > * 

Probe 100 is attached to the shank 3S0 Iwh^cti . is '^y'X 
insexrtable {usually automatically) .'into* ,a 'tftiank 

receiving axea f in the form of a- tapered housing 230 in , ;;\ 



» » »> * 
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provide the paths for power and signal dj'of the probe. 
Pins 34 0 too are insulated from -their supporting 
10 surroundings. The pins are adjacent the .housing 230. 



orientatable to two or more position^ at random, then 
the position of the pins relative to the *traqks will be 



• '.i'U 



the end of the spindle 210 . Conductive it-racks 24 and % »» -'/^V' 
22 provide paths for power to and sighalls to/from the 

probe 100. The tracks are electrically* insulated from , n 

their surroundings. . ; 1 . iV 

When the shank is inserted intb the housing 230 sprung .V ^ « 

pins 3 40 on the shank make contact wi£h vt'ije ^ racks and ^" 

1 . . * 1 • f 1- « wi . 



;, > v :? 

Fig 15 shows the supply circuits! to % the 'brapKa 24 and •* j 

22. These circuits are shown-.in more* detail 'in Fig 18. - .,«^ s , 

15 Now, if control of the orientation of tile) ^liank 1 * 

. , • - %l 

relative to the spindle is not possible! dr th£ shank is 

• * « » 

•., '""if 

, f > 

unknown or uncertain. To overcome fchtis, •'problem pins -i - • '» ^ i»- 

20 34 0 are connected to a circuit 360; which fw^H determine . <;-V 
which pins are connected to which traces.' :THe circuit 'f V 
will then switch the pins to supply the' corrept probe 
circuits . ' 1 : ' * ' 



■ * «. » l»~ 



25 Each pin is connected to a multi-way controlled switch 
350 (i.e. switch 1,2,3 or 4) in £his d.n,stiane:$ $<*lid 
state switches,, having a test positiQn ,T -and, in this ^'Vfy 
case, four other positions, two Jor t syRR lying- power 
P1,P2 and two for a signal path ,Sl,,S2, 'The. -circuit 360 

30 includes a controller, in this instance a < 

microprocessor, which controls' tfce - switches 350 and 
sets each switch 350 to the initial te^t ^position T. 1 . % .' 

, in this position a supply of alternating current via *o' ".A 

traoke 24 will produce a halfr-wave voltage .increase 

% 1 : ::' ,W 
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: i3 ■ > * 

» i » * • • 

awo$s two vf the resistor$ R1,¥&,R3 M ;q?j. alternate 

half cycles. The voltage V across each cj'f 'the 

resistors is monitored by the, mi'croptfdd^sidr-. The 

* • * * * 
microprocessor switches a first of -the .swfitGhes 1/2,3 

or 4 to the PI position if its\corresptfhcU-4g resistor 

Rl,R2,R3 or R4 has a voltage across' it,' * .Likewise the 

microprocessor switches a second of . the ^switches 1,2/3 

or 4 to the P2 position if its corresponding 'resistor 

R1,R2,R3 or R4 has a voltage across jit/ 

The microprocessor can then switch 4 t^e f remaining two 
switches to positions SI and 52. 



1 ' ' * 
i 



K * \ \ 

Fig 16 shows a simplified probe circuit in which the 
15 switches 350 have been switched boitecbly by the 

microprocessor. A load circuit *3B£) is vfed py switches .. 
1 and' 2 and a. signal path is provide*} tfi^ switches 3 
and 4 to a transmitter and receiver ci^ciiit 390 , 

, \ % ' , I • : 
20 Fig 17a and 17b show a refinement of tkte 'scgparatus of 
Figs 15 and 16. Since* it may be ; possibly fos one or 
more of the pins 340 shown in' Figs ;15 >hd. 16 to fall 
into a gap 400 between the track's, 24 e.,g / 4 sts . shown in 
Fig 17b then it is better to have five pins 340 1,2,3,4 
25 and 5 as shown in Figs 17a and l>7b: Ttfen, at 'least one 
pin 340 will be in contact with bach ;tuack *24/22 
irrespective Of the orientation of ;the sharik ^360 
relative to the housing 230. ' • , , 

30 In this refinement the operation of * circuit' 360 will 

have to be modified. Tire . circuit Will 'determine which 
pins are connected to the power supply .as[ before* The 
microprocessor can then determine wfaicli .pins have 
resistance equal to that >o£ the trains fqrmsi; coil 55 
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I * 

i 

* * t 

between them (Indicating connection to .the signal path 
S) r which pins have a short betwperj theiq indicating 
two pins on the same track) and which jjirits are open 
circuit (indicating no connect i on-£in *£n \jap 400) - 
5 Then the microprocessor can si/itch thfi pitches 350 
correctly so the appropriate connections ;are made to 
the circuits 380 'and 390. The technique 'described 
immediately above will work for # plurality of tracks 
and a plurality of pins. The- numbers ctf tracks and 
10 pins need not be the same. . 1 ' , \ , ' \ 

Pigs 14-17 show sprung pins 3,40 on a shsink'SSO and 
tracks 24/22 on a spindle 210. ,The pagitiqn^of the 
pins and tracks could be revetsed, j^ny type of 

15 electrical contact could be used" irt place d£ the pins 

■ * * * * 

and tracks illustrated. Any suitable riumfcer 'of tracks 
and pins etc could be employed but, to* Simplicity two 
for power and/or two for signal are 'ptefiexred' on the 
spindle, mating with five pin$ tracks etc mounted on 

20 the shank. ' ) 

? ' ' ' 

• f t 

Figure IB is a schematic representation v off Jthe 
electrical principle used in the, apparatus iliustra'ted 
in Pigs 14 to 17b. Two inductive- links are used to 
25 provide communication between 4 the static housing and 
the rotating parts of the spindle , one 'fo'r ^Sower and 
one for signalling, (the first • element) 'Shortrj also are 
two contact sets 21/22, 24/25 fop coruscation between 
the spindle and the shank. Rotat^ble tppAp o£ the link . 
30 are shown within the area bounded by the 'dotted line. 
. Each inductive link is formed' by a cl,osel,y spaced pair 
of annular ferrite rings 40/50 eabh of ;whiq:h;has a 

conductor coil 45/55 associated therewith-, The ferrite 

; 

rings and coils together form' the non-contact inductive 
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link between the stationary machine' ' 200 -arid, the spindle 
210. The ferrite rings and coils, may^r'otajze Relative to 
• each other. The two sets of ferrite ringe/coils have 
different diameters DP & DS so ope set can be 
positioned within the other. Thi's means that space in 
the axial direction of the machine can be. cduserved, 
^he separation between inductive, elements ha's been 
shown as cylindrical about the rotation; >axis ; of the 
spindle- However separation in a plane perpendicular 
to the axis is possible. , ■ ' % J ; ' 

• » i ( i 

The advantages of supplying power and/or providing a 

signal path to a measurement prc*?e via the mfechine to 

which* it is mounted are: 

that little or no internal power ;i;s xequired in 
the probe; ; ; 

a lack of a battery compartment and transmission 
module enables the probe to be more compact; 

an operator is not required to change ^batteries? 

the contact, inductive or capaoi^tivev signal links 
described are less likely to suffer external 



interference than radio or light 
systems used outside the machine 



data transmission 
's spine&e.p 3^d 



since no parts external to the ^machihV 4 re used 
then, when the. probe is not in, use, there ;ar£ no 
residual parts to interfere with the .other -operations 
of the machine. - 

» ■ , * 

Whilst the invention has been ' describee^ with reference 
to its application to a machine tool and measurement 
probe, it has many other applications, ajrvdj so is not 
intended to be limited to this field. For 'example the 
invention may find use in any* machine vrhijch is adapted 
to accept an electrical device at a .rotary machine part 



• ' • ' s 
v • « u . 

» Oil J 



* ♦ .* » 



I .V'i 



• *- * 
•<i , « 

*.>?:•'.• 

■■ ' ) 
. - *V<,- 

.« *' ) 

• - *; a 
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diriHer/prof il^r/engj^aver/sui-f acfe hardetier? a camera 
e.g. for measuring surface finish, or for, -monitoring 



and which is capable of supplying power ,or a signal ( . 
path to or from the device- - ' . * 

'SO 



Examples of accessories other tha^i ^p^obe^ th^t may be 
UBed with the rotary part described include! a robotic 
gripper or wbrkpiece manipulator.; a las.ar deburring 
tool (possibly articulatable) ; a. ,l4ser S ' 

i * * < . 



10 tool breakage; adjustable size tooling^ wbzjkpiece v 



cleaners (e.g. vacuum cleaners); electromagnets; high • *^vt- 
•speed motors (e.g. for deburring. use),' or ,a .tool having 

supplemental equipment, such a$ wear, de'f lection, V s-'^fj 

breakage/ identification or usage recording devices * ' , *'V£ 



Examples of different probteS that might b&&a*d 
includes scanning probes e*g/ analogue 'probes or data 
streaming probes; touch trigger prob#s; ^on-contact 
ptobes e.g. camera or lasejr pfobee .surface texture 
20 probes. Additionally probes could' be articulated by '< >f*V£', 

mounting a movable probe head, to tJ|L$ shank mentioned 
above, • * « % ! 



• 

• 1 ♦ » 

: ■ 



The accessory may include data r s£«ra#e fcnd< .the data may \ 
25 be read or rewritten. Data sfco^sd .caul'd* driciude 

identification and f where a tool- &nd 'Supplement a 1 ; 
equipment is used, tool geometry or*usa4ge inf ormation. 



The description and claims refer to a shahtf. ; Herein ' . 

30 the word shank is intended to embrace any coupling 

(e.g„ male 04: female) which is ■ suitable , for removable <\>1 . 

* « . \ • .* ^ * 

coupling of a rotatafcie part of a ma^ike to. an ' ; Vt % 

accessory, / ' • t % 



30 



*» » * . 
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There are presently several standard fcooJL* srliank: designs \ 
i.e. the part of the tool which fits intof t;he,end of a , :. 
machine tool' s, spindle. The probe ,100 s'bqwn in Figs 
16L14-23 illustrates only two types o£ .shajiJc (HSK & 
5 BT40) . As a consequents any accessory used in' place of 
the tool e.g* a probe, may require .sev^rair different 
shanks to fit all the machines whac?h 'haW spindles 
adapted to supply power or to v ,cai:xy & sigtial: Thus a 
feature of this invention is the sfcarffc dtjM|lif r i-Q- 
10 coupling between the accessory' ahd 'thfe xota^table part 
of the machine which, whilst illustrate^ a's "being a 
shank integral with the probe, j.n> some 'Pigs may be a 
separate item which is selectable from a .number of 
designs to suit the machine on which .t^e accessory is 
IS to be used, but which will have the ' ability" to transmit 
power to /the accessory and/or will .^provide a .signal 
path. ' ' . 

. i • * ■ * 
The shanks described herein and illustrated are 
20 intended to fit to a machine in use.' * How'evq^ they may 
also be employed off the machine 1 : *Fojt example the 
contacts on the shank may be used to .provide pre- 
heating current for keeping a measurement- prcjbe or the 
like warm whilst it is off the machine,, so that no 
25 thermally-induced errors in measurement' .occur. Another 
example is the uploading of tool data into -'a tool via 
the contacts e.g. geometry, tool set in^qanuation, • ' ' ;J 

expected usage, number of teeth* fete, before fitment to ^ ; y %{ 

♦ / , *> 

a machine, ■ ' . ^-fyXs 

. ; 1 : * : ;'\ ••' 

The claims refer to a spindle. Herein .'the word » vtM '.;^ 
"spindle"' is intended to embrace -any 'continuously 

rotatable part on a machine tool sui^afcile? for. rot at ably < «:/ v 

driving and holding a tool. § . . ' 
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The word "link" used in the description' :a;nd 'Claims is 
intended to embrace all electrical ''inte^rf aces-,, serial 
or parallel,, singular or plural path,* contact or non- 
contact. , 

5 • ' ' , . ; . 

' « * » * 

Whilst power supply together with signal path? have 

been described and. illustrated it will v ba . apparent that 

the invention extends to the provision of jtower alone, 

the provision of a signal path alone (to "an electrical 

10 device, from that device, or both ways), or .the 

provision of both power and a; signal patti, Either 

together or separately. Separate poweii ',and signal 

j * ■ * \ • 

paths are preferred because there' is then % lesa 
likelihood of harmonic' distortion of <th$ -signal . 

The signal is preferably transmitted at 1 a frequency of * 
between 1 and 100MHz, This range resruits fn low 
losses. The power «is preferably, tranf^ibted ^.s a,c- at 
a frequency of more than 20KHz (approximately lOOKHz 

20 being preferred) . At this frequency, or .greater, 

little electrolytic corrosion' takes plVce ;between any 
contacts used. In order to reduce . corroeiqn . on 
contacts still further^ the contacts -Can be made from 
Tungsten. Despite the 4ack of ccrros'ion 'when using 

25 a.c. at a frequency of 20KHZ or abdve '*a 's^hort pulse of 
power cotfld be used to remove* any corrosion during use, 
particularly in the signal pafhs^ \ %l 1 ) 
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